In an 18-week treatment, the eect of linolenic acid on European cat®sh (Silurus glanis L.) growth indicators was investigated as to weight gain, feeding coecient (FCR value), speci®c growth rate (SGR value), protein eciency ratio (PER value), productive protein value (PPV) and survival rate. Concurrently, the ®shmeat chemical composition was also investigated. The experiment was organized into four groups, each divided into three subgroups. Stocked in each of 12 cages were 30´1-year-old cat®sh, with individual weights ranging from 148.5 to 151.5 g/ind. All ®sh were given standard feed for European cat®sh which contained 45% protein. The ®rst batch, control group (C), received no additional linolenic acid. Linolenic acid was added to the feed of the second (E 1 ), third (E 2 ) and fourth group (E 3 ), at 0.5, 1.0 and 1.5%, respectively. Growth indicator improvement was best in the E 2 group fed the 1% linolenic acid, whereby the ®sh weight gain was 12.6% higher and the feeding coecient 12.9% lower, while SGR, PER and PPV values were 6.1, 12.0 and 15.8% better than the control group. Growth indicators were also signi®cantly (P < 0.01) improved in the three groups receiving additional linolenic acid in comparison to the control group. Moreover, this addition positively aected ®shmeat quality by increasing meat protein content from 18.04% (C) to 18.79% (E 3 ). The total unsaturated fatty acid content also increased from 65.07% (C) to 69.82% (E 3 ), and the total saturated fatty acid content decreased from 31.36% (C) to 26.50% (E 3 ); consequently, the ratio of unsaturated to saturated fatty acids increased from 2.07% (C) to 2.63% (E 3 ). It can be concluded that the addition of 1% linolenic acid to standard cat®sh feed has bene®cial eects on ®sh growth indicators and meat quality.
Introduction
Natural feed loses its signi®cance in cage ®sh farming conditions. Thus, apart from hydroecology, genetics and pathology, feed composition becomes very important in intensive ®sh farming. In order to maintain good health, a high weight gain and fertility, ®sh should receive a diet of adequate values as well as a balanced composition of proteins (amino acids), fats (fatty acids), vitamins and minerals. Furthermore, ®shfeed should be palatable and harmless. The economic factor should also be considered, since the feed accounts for a signi®cant part of total farming costs. Many health and reproductive disorders in ®sh are caused by feeding errors and inadequate nutritives.
The ®rst investigations of intensive ®sh farming focused on the amount of protein and the composition of essential amino acids. Fatty acid requirements for some ®shes were determined at the end of the 1960s and the beginning of the 1970s. In the Salmonidae family (rainbow trout, Oncorhynchus mykiss Walbaum; chum salmon, Oncorhynchus keta Walb.; and coho salmon, Oncorhynchus kisutch Walb.) requirements were determined as follows: 1% linolenic fatty acid (18 : 3x3) or 1% omega-3 polyunsaturated fatty acids (Castell et al. 1972; Yu and Sinnhuber 1972; Watanabe and Ogino 1974; Watanabe 1977a, 1982; Takeuchi et al. 1979) .
Omega-3 and x-6 fatty acids amounting to 1% or 0.5±1.0% of the polyunsaturated fatty acids (Takeuchi and Watanabe 1977b; Kanazawa et al. 1980; Stickney and Hardy 1989; Tidwell et al. 1992 ) are essential for the following warmwater ®sh: common carp (Cyprinus carpio L.), channel cat®sh (Ictalurus punctatus Ra®nesque) and redbelly tilapia (Tilapia zillii Gervais). The relationship between x-3 and x-6 fatty acids is also of great importance for carp larvae bred in intensive farming conditions (Radunz-Neto et al. 1993) . It has also been determined that carp larvae can elongate the linolenic acid.
Requirements of sea ®sh turbot (Scophthalmus maximus L.) and the seabream order (Pagrus major Temminck & Schlegel) vary from 0.6 to 2.0% of x-3 polyunsaturated fatty acids (Yone 1979; Gatesoupe et al. 1977) . In addition to a number of other factors, successful sea ®sh and crab farming depends on a proper balance of x-3, x-6 and x-9 fatty acids in feed. The proper balance of eicosapentaenoic (EPA) and docosahexaenoic (DHA) in feed is also of great signi®cance (Couteau and Sorgoloos 1993) . Based on experience in the feeding of European cat®sh (Silurus glanis L.) in intensive farming systems in Croatia, it was determined that ®sh requirements for essential fatty acids and their precursors had not been respected (Bogut and OpacÏ ik 1996) . Thus the aim of this investigation was to determine the eect of dierent concentrations of linolenic acid (18 : 3x3) added to pelleted feed on cage-bred European cat®sh growth indicators of weight gain, FCR, SGR, PER and survival rate, plus chemical composition of the cat®sh meat with special emphasis on the fatty acid composition.
Materials and methods

Fish farming
The eect of linolenic acid (Pronova-Norway) on growth and meat characteristics of young cat®sh was carried out at a ®sh farm in Orahovica, Croatia, from June 10, to October 15, 1994. The cage platform with 12 cages was set up in a 650-m 2 ®shpond. Water was added after the ®shpond had been J. Appl. Ichthyol. 18 (2002) 
disinfected with 160 kg of Ca(HCO 3 ) 2 . Four experimental ®sh groups (C, E 1 , E 2 and E 3 ) were further divided into three subgroups (12 groups total). Fishes in each cage represented one subgroup. At the beginning of the experiment each cage was colonized with 30´1-year-old cat®sh; mean body mass per cage ranged from 148.5 to 151.5 g/ind (Table 1 ). Prior to the experiment the ®sh were bred under ®shpond conditions in a monoculture and fed with pelleted feed.
Feed mixtures
Composition of the raw ®shfeed is presented in Table 2 . Pellet diameter was 4.5 mm. Fish in the ®rst three cages received only raw feed (control group C, cages 1, 2 and 3), while the other cages received the same quantity of raw feed plus dierent quantities of linolenic fatty acid: 0.5% in E 1 (cages 4, 5 and 6); 1.0% in E 2 (cages 7, 8 and 9); and 1.5% in E 3 (cages 10, 11 and 12) ( Table 1) .
Daily feed amount was given in ®ve rates at 8.00, 11.00, 13.00, 16.00 and 17.00 h; the schedule was determined according to feeding tables on the basis of water temperature, dissolved oxygen concentration and other physical and chemical water parameters. The ®shes were not fed during the stocking day or during control ®shing.
Analyses
Upon experiment completion, the body mass of all ®shes was determined. Three ®sh were taken from each cage for further chemical analysis; pooled tissue of these three ®sh formed one sample. The ®shes were chilled and the bones and skin separated from the muscle tissue. The amount of water in the experimental diets and ®shmeat was determined by drying the samples at 105°C until they reached a constant weight. Ash quantity in ®shfeed and meat samples was determined in a muol furnace at 550°C. Fats were determined using Soxhlet, and crude proteins (Nx6.25) determined by the Kjeldahl method. Fat samples from the ®shfeed and ®shmeat were extracted according to the method of Folch et al. (1975) . Composition of fatty acids from extracted muscle fat was determined by gas chromatography (Perkin-Elmer, Budapest, Hungary, model 3920 B) using internal standard N-tetracosane of 99.36% purity from ASL Gardena-California (Santa Fe Springs, CA) (MujicÂ et al. 1981) . Each analysis was performed in triplicate.
Data processing
Speci®c growth rate (SGR) was calculated by the formula: Feed conversion ratio (FCR) was calculated from the ratio of consumed feed and the dierence of initial and ®nal biomass:
F total amount of feed consumed during the experiment; W 0 and W t initial and ®nal total biomass. Statistical analysis included calculation of the mean value and standard deviation. The signi®cance of dierence between means was determined by Student's t-test. The statistical program SPSS was used (Nie et al. 1975) . Graphical presentations and trends calculation were done with the Microsoft program Excel.
Results
At the beginning of the experiment, average individual cat®sh weight varied from 148.5 to 151.0 g/ind (Tables 1 and 3 ). There was no dierence between mean individual ®sh weight in the 12 experimental cages.
After 18 breeding weeks, the order of groups, according to the growth parameters (individual breeding gain, daily breeding gain, SGR, PER and PPV) was: E 2 > E 1 > E 3 > C (Table 3 ; Fig. 1 ). Individual breeding gain in groups E 1 , E 2 , and E 3 was signi®cantly greater compared to the control group (Table 3) , E 2 being 85.8 g/ind, or 12.6% higher than control group C. The average daily gain varied from 4.63 g/ind for C to 5.30 g/ind/d for E 2 (Table 3) . A statistically signi®cant large dierence (P < 0.01) in daily gain was shown for the experimental groups receiving linolenic acid, compared to the control group (Table 3) ; the highest dierence was between E 2 and C (12.6%). Similarly, calculated SGR and PER values were signi®cantly higher in groups E 1 ±E 3 , when compared with the control group (P < 0.05 for SGR, P < 0.01 for PER, Table 3 ). Dierences in individual breeding gain between groups E 1 and E 3 could also be proven (P < 0.01 for E 1 vs. E 3 and P < 0.05 for E 2 vs. E 3 ; Table 3 ). No dierence in daily gain or in SGR and PER values could be shown between groups E 1 and E 3 . Similar results were obtained by analysis of the FCR value, which showed a signi®cantly (P < 0.01) better feed conversion in E 1 (11.9%), E 2 (12.9%) and E 3 (9.7%), compared to control group C (Table 3 ; Fig. 1 ). The increase in average individual weight gain, daily gain, SGR, PER and PPV values and decrease of FCR value in E 1 and E 2 con®rms that the addition of 0.5% (E 1 ) and 1.0% (E 2 ) linolenic acid to the ®sh feed is connected to a signi®cant acceleration of ®sh growth and a better protein utilization and feed conversion, while the addition of 1.5% linolenic acid (E 3 ) results in the changing of measured parameters to values between those found in C and E 1 (Table 3; Fig. 1 ).
Chemical analysis results in the meat of cat®sh that had been fed with dierent linolenic acid quantities are presented in Table 4 and Fig. 2 . The increase in linolenic content is accompanied by a slight decrease in ®shmeat water content, ranging from 74.84% in C to 73.26% in E 3 . On the contrary, the fat and protein content increases with a higher linolenic content, ranging from 1.27% in C to 1.42% in E 3 and from 18.04% in C to 18.79% in E 3 , respectively. The ash content was the same in all analysed groups.
Finally, the addition of linolenic acid to ®shfeed in¯uenced the fatty acid composition of the ®shmeat fat (Table 5 ; Fig. 3a,b) . Increased linolenic content in feed is accompanied by a lower saturated (14 : 0, 16 : 0, 18 : 0, 20 : 0) and monosaturated (16 : 1x9, 18 : 1x9, 18 : 1x7, 20 : 1) fatty acid content in ®shmeat. At the same time, detected was a proportional increase in polyunsaturates, especially x-3 fatty acids, as well as a pronounced increase in the ratio of unsaturated versus saturated, and a slight increased ratio of x-3 versus x-6 fatty acids (Table 5 ; Fig. 3a,b) .
Discussion
Fats are, in addition to proteins, very important components in ®shfeed. A practical implication of including fats in ®shfeed is their utilization as an energy source, so that feed proteins can be used for ®sh growth. This fact becomes more and more important because of the ever-increasing world-wide cost of protein. Apart from fat quantity, it is also important to verify fat quality, because fat is the sole origin of essential fatty acids in ®shes.
Fat quantity in ®shfeed is limited. An increased level of fat in ®shfeed results in greater fat deposits in the ®sh body, primarily in the visceral cavity. Therefore, the addition of linolenic acid instead of soybean oil or ®sh oil to the ®shfeed has also a practical value. Bogut et al. (1993) showed that the addition of 7% sardine oil had a stimulative in¯uence on European cat®sh growth. Higher oil concentrations (9%, 10%, 13%) had the same eect as a 7% sardine oil concentration. Sardine oil analysis showed a high concentration of x-3 fatty acids. An identical increase in x-3 fatty acids resulted after the addition of 9% soybean oil to the pelleted feed (Bogut et al. 1997) . In both experiments it was shown that the oil addition in applied concentration could lower feed protein content by (Tables 3 and 4 ; Fig. 1) . Similar values for weight gain were proven by Tidwell and Robinette (1990) , who added animal and plant oils to the feed of channel cat®sh during their 2-year investigation. Fatty acid composition of ®sh fat is rather complex. Among saturated fatty acids (also in European cat®sh) palmitic acid (16 : 0) dominates, while stearic acid (18 : 0) and myristic acid (14 : 0) are present in lower proportions. The addition of linolenic acid to the ®shfeed resulted in the lowering of saturated fatty acid in the proportion of 2.5 and 9.1% in E 1 and E 3 , respectively (Table 5) . Similar results were obtained by Tidwell and Robinette (1990) analysing channel cat®sh fat, and Vacha and Tvrzicka (1994) and Vacha (1996) analysing European cat®sh, perch, tench and carp.
Among monosaturated fatty acids, the most frequent are 16 : 1x9, 18 : 1x9, 16 : 1x7 and 20 : 1. The increase of linolenic acid in ®shfeed resulted, among others, in the lowering of monosaturated fatty acids in ®shmeat (Table 5 ; Fig. 3) . Moreover, we also showed that the level of two monounsaturated fatty acids (16 : 1 and 18 : 1x9) in cat®sh meat is higher compared to ®shfeed (Tables 5 and 6 ). Similar results were obtained by Farkas et al. (1977) in analysing cat®sh fat.
At the end of the experiment the level of unsaturated fatty acids with two double bonds (18 : 2x6) was considerably lower in ®shmeat when compared to ®shfeed (Tables 5 and  6 ). These results are also in agreement with those of Farkas et al. (1977) and Yingst and Stickney (1979) , who indicated the possibility that the lower linolenic acid concentration in ®sh fat could be a consequence of its elongation into other fatty acids.
Linolenic acid increase in ®shfeed resulted in the increase x-3 fatty acids in ®shmeat, the value in E 3 being 29.3% higher compared to C (Table 5 ; Fig. 3b ). This result is in agreement with those of Farkas et al. (1977) and Bogut et al. (1997) . Feeding of European cat®sh with 1% linolenic acid-enriched feed has the same eect as the addition of 7% sardine oil or 9% soybean oil. Linolenic acid supplementation in European cat®sh diet
Conclusion
The addition of 0.5±1.0% linolenic acid to the feed of European cat®sh has multiple bene®cial consequences on ®sh breeding. It improves ®sh (i) growth indicators and (ii) ®shmeat quality (increases the protein content and polyunsaturated fatty acids proportion). One per cent linolenic acid can replace 7% sardine oil or 9% soybean oil in ®shfeed, so that the present investigation also has practical and economical implications.
